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By installing a certain number of high field dipole and quadrupole 

magnets in the enclosure situated about 200 metres from the 15 foot 

hydrogen bubble chamber B.t NAT.. it becomes possible to produce beams of 

kaons and positive pions of usable flux and purity in addition to the 

normal negative pion Bnd proton beaws. 

It is proposed to carry out a survey of the interactions of n+ 

K+ and K mesons with protons using the 15 foot bubble chamber. A 

series of exposures of 50,000 pictures each,covering the energy range 

50 - 200 GeV is suggested making possible a study of inclusive processes,
7

topological and multiplicity distributions, diffractive processes and 

elastic scattering. 
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1. Introduction 

An inportant part of the current progr.am of hadron-physics at NAT. 

is the study of proton and 'IT interactions at very high energies using 

hydrogen bubble chambers. Bubble chamber methods are particularly 

suitable for studies of inclusive processes for both single particles and 

produced resonances, and for topological, multipartic1e and elastic 

cross-section measurements. Survey experiments in the 30" chamber are 

already yielding important results on pp interactions at 200 and 300 

Gev. ll],12],t3]. and on 'IT p interactions at 200 GeV [4]. These studies 

are likely to be continued under the more favourable conditions offered 

by the NAL 15' chamber as soon as this becomes available. 

Clearly it \vould be highly desirable to extend the 15 foot chamber 

. ..• 1 + + program to 1nclude stud1es w1th h1g1 energy 'IT • K and K beams. It has 

been suggested that use could be made of tagged beams 15]. The DISC 

Cerenkov counter and wire chambers v7hich are part of the instrurnentation 

of the hadron beam line could be used for this purpose. Although 8.t low 

momenta positive pions can form a substantial fraction of transmitted 

particles the kaon component never amounts to much more than one per cent. 

With. say. ten incident particles per picture this would seem to be an 

inefficient way to do kaon physics. 

R.F. separated beams for BEBC at CERN are currently under discussion, 

but 	are not at present envisaged at NAL. In any case they would probably only 

. d + /Y1el K up to 75 GeV c and K up to 100 GeV/c. 

. Even \/ith only 10" protons incident on the hadron beam target the 

existing hadron beam line can deliver in excess of 105 negative pions 

per pulse over quite a wide range of momenta 1.5 J. A significant increase 

in 'IT flux could be achieved by placing additional quadrupoles near th~ 

target. It is proposed to modify the beam line in the vicinity of the 

http:progr.am
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"cleaning slits' about 200 r.u:::tres fI:om the bubble chamber. The negative 

pions would be focussed onto a target and nnergetic positive particles, 

chiefly 1T 
+ 

, selected. High field dipole aud quadrupole magnets "lould 

be used to achieve the. required mox::entum analysis and large solid angle 

+ 	 + 0 ~ acceptance. 	 The K- beams would differ from the 1T beams in that K , K 

. b d . +beams would f1rst e produce and these used to g1ve K , K bea'lt.s of 

the desired flux and purity. Nore details of these beams will be given 

in section 4 and flux estimates in ~ection 5. However, a separate detailed 

re1?ort is in course of preparation l6 J. It is hoped that with a circulating 

proton beam of 300 GeV,positive pions would be available in excess of 

200 GeV and K-
+ beams up to 100 GeV. t>1ith higher energy circulatfng protons 

these energies would be proportionately greater. It is proposed to use 

the DISC Cerenkov counter to positively identify and tag the vranted 

particles. 

However, before discussi~g beam details the physics case will be 

discussed in section 2 and possible methods for analysing the events 

discussed in section 3. 

The details of this proposal are contained in Table 1. 

2. 	 Physics Interest 

+ +
(a) The proposal is to survey a new energy range-Cin K-p and 1T p scattering, 

and so the general features of the interactions are of considerable interest. 

Topological cross-sections, multiplicity distributions and average 

multiplicity can readily be obtained from the scanning of the pictures, 

and used as a test of high energy models. 
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, -1 
II i-TotalParticlesBeam of IElasticparticles/I entering Inter-Ro. of KHomen tumParticle 

ScattersActionschamberPictures Picture(GeV/c)Type 

I 
+ 65,000 9,80010 500,000200 50'If I 

-
K+ 45,000 7,000400,0005050 and 8 

100 
-

- 7,00049,000400,00050 850 and K 
100 

TABLE 1 DETAILS OF INITIAL PROPOSAL 

+ +
based upon 300 GeV primary protons. A 'If beam of 300 GeV and K- beams 

of 200 GeV can be obtained with 500 GeV primary protons. 

Numbers based on a fiducial length of 2m and the following cross-

section estimates: 

+ + +
0T('If p) = 23~3 rob, 0e1 (n p) = 3.5mb, 0T(K p) = 19mb, 

0e1 (K+p) = 3mb, 0T(K-p) = 21mb, 0el(K-p) 3mb. 
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(b) Inclusive PrOc.e!'lSf'f; 

For K+(K-)p, a KO{Ko) is produced in some 30% of the interactions In. 

This has the advantage of identifying the leading particle, and ~ 3,500 

events at 50 GeV/c and rv 2,200 at 100 GeV/c are expected from the reactionfl 

K P -+ 1.<:' X 
seen ' 

:m which the Va decay is visible in the chamber • 

. + +In K p and IT p scattering there is on average 'lilOre than one negative 

track per event, and nearly all these are pions, so that good statistics 

can be obtained for 

+Kp -+ nX 


+ 
'liP -+ nX 

Examples of other processes in which the outgoing particle can be 

iden ti fied are: 

+ 
n p -+ (Ko IK?)X 


+ 

-+ AOX1T P 


+ 

-+ AOXK P 


AOX
K P -+ 

Results concerning proton fragmentation can further be cotr:pared ,<lith 

the high energy pp data now available l2J. 

Two particle correlations may be studied in reactions such as: 

+ 
1T P -+ n n X 

K+p -+ 1T n X 


+ 
 KOn-XK p -+ 

-K p -+ ir'n-X etc. 
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(c) 	 Resonance Productien 

O
For events in Hbich an outgoing K or iZO has been identified, a search 

can 	be taade for K'T resonance formation. A K~~ of !:lUSS ,\, 1800 }~eV and spin 

parity 3 is expected to accompany the K~"(890) and K*(1420), 	 in analogy 

vd th 	the non-strange meson series p. f, g. Such a resonance and possibly 

higher mass resonances. might be found at the increased energy of tbis 

experiment. 

Resonances produced by diffraction dissociation could be studied by 

the' 	missing-mass technique~ using an identifiable slow proton as analyser. 

For 	example. from the reactions 

+ +
K-p 	 -+ (K1f1f)-p 

it may be possible to gain new information on the nature of the Q and L 

enhancements, and to observe any higher mass resonances that may occur. 

Similarly, a study can be made of the three-pion states produced by 

diffraction dissociation in 1f+P scatterin~. 

EVents with a slow proton allow an investigation of peripheral 8++ 

production, and the 8
++ can itself be used as an analyser for missing

. .. ++ . b b • d d bmass studles. The lncluslve 8 spectra wlll e 0 talne an can e 

compared "lith the results from high energy proton-proton interactions 13]. 

More generally, in all even ts where particles can be identified. 

invariant mass distributions will yield information on resonance production. 

(d) 	 Elastic Scattering 

The total elastic cross-sections can be obtained to a statistical 

accuracy 	of '" .:: 1.5% (systematic errors will be dominaIlt). The differential 

2cross-section measurements will extend dO"t-m to Itl rv 0.02 GeV , and the 

slope in t can be determined to within'" + 1.5%. The statistics do not 

2
a11m. a separate study of the slope for It I '" 0.1 GeV ) to test for shrinkage, 
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but this region 15 coven~d by another 1{<\1. p:ropm;nl !8J to Il1f>;.)Qllre elflstic 

scattering of the long-lived hadrons. 

+ +
The If p and K-p total cross-sections Hill also be extracted in the 

course of the analysis. but probably vTith systen::atic errors of a fe~v 

percent. 

(e) A new range of beam energy opens up the possibility of observin8 

new or still rare processes. '[he large bubble chamber is especially suited 

for such an investigation. 

3. Analysis of the Event~ 

He have considered the problem of analysinf, events at high energy 

in a separate proposal to study L: p interactions [9]. He conclude that 

the elastic channel may be fitted 'vith neeHgible contanination) and this 

is supported by the fact th~t elastic scattering has been successfully 

studied in 200 GeV If-P interactions in the 30" chamber 14]. 

. +/ + ., f 5 "" . b dW1th the kaon beams, a K- If- amblgu1ty 0 ~ O~ 18 to e expecte 

• + ()+ . •in 4C fits to the react10n K-p ~ Klflf -p llO]) 10 add1tion to the 4C-1C 

ambiguity, and so it is unlikely that useful fits to 4C inelastic channels 

can be obtained. For the 1[ 
+ beam, the track inversion ambiguity is much 

less, and some inelastic 4C fitting may be possible. vle do not, however, 

rely on this, and the physics case outlined in Section 2 applied to 

unfitted events in all but the elastic channel. 

4. Beam Details 

Lach and Pruss L5j have described in detail the beam line at NAL 

which provides the 15 foot bubble chamber ",ith hadrons. It is about 1000 

metres long, can transport particles with momenta up to 500 GeV/c. has a 

solid angle acceptance of 0.25 microsteradians, and a momentum resolution 



-7

of better than 0.1% thouch it can transmit up to 1%. It is proposed 

to modify the beam line near the target Bnd in the enclosure about 200 metres 

from the chamber. 

By pla.cing additional quadrupole magnets close to the target it 


becomes possible to matcb a much larger solid angle acceptance into the 


. system although this is at the expense of mOITI.entum resolution. It is 

intended in this way to boost the transmitted n- flux by up to a factor 

50 enabling the range of possible 11 
+ 

, K+ and K momenta to be extended. 

Two intermediate dispersed images of the target are produced before 

the 11 beam is brought to an utldispersed focus in both planes in the 

enclosure about 200 metres from the charr:ber. At present the enclosure 

contains two collimators which act as " cl e3n ing slits". 

It is. proposed that these collimators be replaced by the equiprnent 

described below. The 1f are brought to a focus on a target. It v~ill 

be found that the energetic positive particles are chiefly n+ and the 

energetic neutral hadrons chiefly KO, ~. The n + can be selected directly 

but to obta1'n K+ and K- it is necessary further to intercept the neutral 

kaons with another target after the charged particles have been swept 

to one side. The equipment to select the 1f+ from the n target and the 

K~:' from the neutral kaon target \-Jill be the same and vdll be ca11ed the 

IIICharged Particle Link". The kaon beams will need in addition the 

"Neutral Particle Linkll. 

<a) Charged Particle Link 

As it stands the final section of the hadron beam line is straight, 

Le. it has no bending magnets. Furthern:ore the solid angle acceptance 

is small. For both of these reasons it is not adequate as it stands as a 

+ +
selector of the n , K and K beams. 
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The solid angle acceptance can be bQo~ted hy m~tching into the 

final stage using a quadrupole doublet. To achieve dispersion while still 

pointing the beam at the bubble chamber a p!li r of bending magnets is 

needed, one at the target and the other at a place "lhere the beam is 

",ider. Rough mom~ntum analysis IS carried out by the existing beam line 

quadrupoles whose apertures Rct as collimator openings. A dispersed but 

focussed beam can be produced in the bubble chamber, the resolution 

depending on the angular acceptance in the horizontal plane. but typicall y 

being ~ + 1% op/P. 

(b) Neutral Particle Link 

Since the neutral particles cannot be focussed. the link must be short 

in order to keep the target spot small. Another requirement is that pions 

from K
a 

decay should be SV7Cpt away from the acceptance of the chargeds 

link. It is proposed to use tt-JO high field pulsed dipole magnets bending 

in the vertical plane. Any muons arriving \vith the 'IT- will be st-lept 

into the ground. 

The tv70 high field dipoles l?ill toge.ther have a total bending pO\\Ter 

of ahout 10 Tasla -1:Jetre. Although the lateral displacement of the high 

energy charged particles at the end of the 1.1 metre long link is not 

great nevertheless the angles through v!hich they are bent nake it essentially 

impossible for them to produce contanination of th~ final charged beam. 

In Figure 1 an attempt has been made to illustrate the functions and 

properties of the charged and neutral links. 

(c) Equipt:lI:mt 

At RIIEL Elliott and others Ill] have produced pulsed dipoles having 

a field of 10-15T when the aperture in the bending plane is 20 mn. They 

have also built pulsed quadrupole magnets giving a gradient of 500 Tim 
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over 0 20 nm di£nct~r useful aperture. 

It tvQuld be possible to base the design of the charged and neutral 

links exclusively on these pulsed magnets. Estimates of fluxes of 
+ + 

7T , K and K based on such a design shoH that the ranges of momenta made 

available and beam purity obtained, exceed those obtained using 

superconducting eler-.ents 16]. The charged link could probably be based 

on either type of maGnet but the requirements of the neutral link are 

such that the pulsed dipoles 'vi th their higher fields (rv factor 2) are 

needed to minimise the length of the link and the contamination due 

to pious from K
O decay.
s 

The DISC Cerenkov counter in conjunction \\1'ith W1.re chambers Rhould 

enable the tagging of particles according to 1!l8SS to be carried out 

efficiently. 

5. Particle Fluxes 

(a) 7T: 

The Hagedorn-Ranft 'rhermodynamic Eode 1 [12] gives a good fi t to 

experimental data at mon~enta below 30 GeV/c. We have used the prediction~; 

of this model at higher r.,omenta. 

(b) 7T 
+ 

: 


The production of n 1.n n+p collisions and of n+ in n p collisions 


is 	similar and at large x does not appear to change much 1't]ith incident 

dcr( - +) 0 03momen tum [13]. At x rv 0.8 for example, 	 dx n -+'IT ~ • • Hith a 

momentum bite of say!.5% (i.e. ex '" 0.1) and allot.;ring for a target 

efficiency of rv40% and losses in the n+ beam line one obtains a figure of 

10-3 for the number of n+ with 80% of the incident n- momentum per incident 

'IT • 
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The conclusion we reach is that for a circulating proton beam at 

300 GeV beaITs of positive pions of 10 n + per pulse should be obtainable 

up to at least 200 GeV/c. With a 500 CeV circulating beam it should be 

possible to obtain n 
+ 

bears up to at least 330 CeV/c. 

(c) 

The best data available on neutral kaan production in np collisions 

are those of Crennel et 01 114J on KO production in n+p collisions at 
s 

22 GeV/c. This is substantiated by the somevlhat cruder data from 10 GeV/c 

KOof" 1 1 r:: 1 d f 6 / + -, f 1 J 116-'n p -+ K 0 8181 et a l~ .• an rom 1 GeV c n p ~ o' Barttc et a_J 
s s 

It is also hoped that information will soon becom.e available from the KAL 

200 GeV/c 1r-p bubble chatrber e)~periment L4J. 

(d) + 
K .~: 


K+
The are at the end of the chain 


KO + 

-+ n -I- -+ K •P 

and the l~ at the end of the chain 

p 1T 	 K. 

o + ':-:-0Data are not available in useable form on K -+ K or K -+ K but 

+ 0 - -'0
copious data exist on the reverse processes K -+ K ) K -+ ¥. [17]. It 

seems reasonable to assume, as ~"e have done. that 

and that 

Using these fluxes and assuming scalinc, in the sense that 

do ( - -+ ::"0 ) ~ d
dx 1T 

KO 
• 1'

, 
tin 	 do (Ko K"-+K':) are incependent of beam r:lOl;!entUr.1. the 

dx • 

fluxes 0 f K- reachlng t e 1ave cen ca cu a e • The fluxes of+ . h 15' RBC 1 b lIt d 

11-
+ background produced by the processes 

+ 
-+ n-X 

+and n-X 
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occurring at the last target have also been estimated in an analogous 

way, by assuming from isor,pin syn:metry that 

1'0 -)-
+ + + ... p T[-'X 'U K -~ Tf X

'U P 


:':'0 + - +
and K p -+ 'IT-X 'U K p -+ 'IT X
'U 

+and using published ilat.,1 for these incl usivl::' K--p reactions lI8:1. 

As an example, detailed results for )0 and 100 CeV/c K+ beams obtainetl 

by using 300 GeV protons are presented in Fig. 2. It is interesting to 

. 1 K+ f d +/ + .gJ.\Te t.e' -lux an K Tf rat~o as a function of the intermediate 

IT momentum, ~,'hence \ve see that a suitable operating point ~7ould be for 

p - 'U 12.5 GeV/c. In pnlctice we envisage setting the final stage of
Tf 'U 

. + f . .momentum ana1ys~s to select K- 0 requ~red momentum and tun~ng the 'IT 

momentum for optimum conditions in the bubble chamber (as indicated by 

the DISC Cerenkov). 

tve believe that beams of 'U 10 particles per burst should be obtainable 

up to at least 100 GeV/c using 300 GeV circulating protons with a 10% 

share of the extracted beam i. e. 10" interac.ting protons. I-lith 500 GeV 

protons one might hope in the same \"ay to obtain K.! beams up to 200 GeV/c. 

Because of the Tf background of typically > 20% it se~ms essential 
'U 

to use particle tagging making use of the DISC Cerenkov counter and "lire 

chambers exis ting in the beam line 15]. 

A more detailed report l6 J on the material of sec tions if and 5 is in 

course of preparation I as mentioned above. 
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It is envisaged that th0GQ surveys will be done as a collah0ration 

involving AI:lerican and possi1.l1y further Iil:itish groups. 

The Cambridge gnmp has 2 semi-autonat:i c Sve"'.pnik r,)casurinp: devices 

and 3 conventional mu)suring machines i.d t.il on line COl':puter comwction 

all capable of r:iodi ficetion to heudle 70 I'l:l fiLn. '[('70 laq:;e seem tables 

(designd for BEBC film) ...lill also be available for the experiment. 

It is expected that the measurement r<:"lt::;Tcf:\cnt of rv 150 k events 

cotild be readily fulfilled in rv 1 year. 
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